V 



(19) 



J 



(12) 



(43) Date of publication: 

24.06.1998 Bulletin 1998/26 

(21) Application number: 97122556.0 

(22) Date of filing: 19.12.1997 



EuropSisches Patentamt 
European Patent Office 

Office europeen des brevets (11) 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : H01M4/52 



EP0 849 817 A2 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 
NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 20.12.1996 J P 355280/96 
21.11.1997 JP 337961/97 

(71) Applicant: 

Japan Storage Battery Company Limited 
Minami-ku Kyoto-shi Kyoto (JP) 



(72) Inventor: 

Yasuda, Hideo, 

c/o Japan Storage Battery Co., Ltd. 
Kyoto-shi, Kyoto (JP) 

(74) Representative: 

Grunecker, Kinkeldey, 
Stockmair & SchwanhSusser 
Anwaltssozietdt 
Maximilianstrasse 58 
80538 MOnchen (DE) 



(54) Positive active material for lithium battery having the same, and method for producing the 



same 

(57) A positive active material for lithium battery, 
includes a lithium-containing amorphous nickel oxide 
represented by a chemical composition formula of 
Li x NiQ 2 ; wherein x is from greater than 0.25 to 2. Pref- 



erably, x is from greater than 1 to 2. More preferably, x is 
from greater than 1.4 to 2. The positive active material 
may contains cobalt from 2 to 60 mol% {(Co/(Ni + Co)}. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
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it « I? pres f t . i " ven * on re,ates t0 an Positive active material for lithium battery, a lithium battery havino such a oosi 
t.ve active matenal. and a method for producing such a positive active material for a lithium tottery : 

70 2. Description of the Related Art 

elet^Sil a ^S^°? at,ery ^P" 8 ^ as a electrode a carbon-based material and as a positive 

2SnJ^ h - J . Ch ,' S 3 n™* 05 ** oxide na ™9 a layered structure has rapidly spread because of S 
advantage. .a. high operating voltage and high energy density. On the other hand, lithium cobaSate occuTJ ZZcet 
and expens.ve. Thus. I.th.um n.ckelate has been extensively studied as a substitute material V 
which JriitrL 6 (LiNi °^ jf 9 ,a y ered structure compound having the same crystal structure as lithium cobaltate 
IrS?H^ k 1 y , PUt T PraCtical USe - the crystal structure °* Wh'«" delate, lithium is aZoeTto be 
bv a ml^Th 6 ! yefS 61)96 Shear of Ni °6 °ctahedral. The production of lithium nickelate I.^SJ2X?,2 

UNO L ^ U oTrZ SeS k m,X ' n9 1 ,K (N03)2 - Ni( ° H)21 NiC ° 3 ' Ni °" NiOOH or the ,ike as a n^sol?e?ndSoH 
ouSutlo^Sto 2 ^^^ 

However, ee reported io "Solid Stele Ionics-. 44, 87. 1990. "Chem Exorees- 7 fifto 1009 .~r ™_ o . „ 

» s^o£;s 

As mentioned above, various studies have been made of lithium nickelate. Nevertheless it is still difficult tr, n ht a .n 

SUMMARY OF THF IMVFMTIOM 

itive liST^E? ?H he PreS r l in ! emi ° n 10 pr0Vide 3 P 08 ^ active material wnich accomplish a battery with the pos- 
itive active matenal havmg a large d.scharge capacity shows a continuous discharge voltage Change and Kbits a K, 

T™L 9 ^7 h K Vi T e P ° SitiVe aCtiV6 mat6rial and a method for P^ing S 3ve a^rSer^ 
s tn,^ re h ""J] 35 b66n accom P ,ish ^ by finding out the fact that lithium nickelate having a^arSrohous 

structure has unprecedented* excellent properties during the inventors' studies of lithium nickelate amor P hous 
First aspect of the present invention concerns to a positive active material for lithium battery which comorises a lith 

Second aspect of the present invention concerns to the positive active material for lithium batterv accord™ fr, * ha 
first aspect of the present invention, wherein x is from greater than 1 to 2 accord.ng to the 

mhhl^ 8 -* ° f P u eS6n * 'T 6 "" 0 " C ° nC6rnS t0 a P 05 *"* active material ^ lithium battery which comorises a 
lrth.um-contain.ng amorphous n.ckel oxide synthesized to have a chemical composition formula^ U i n7 w O 

first asoS ^n^T^ inve " tionconce ™ to the positive active material for lithium battery according to the 
^te ' ^ ^ mat6rial SaliSfi6S S3kJ Ch6mical compoSion formula 
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Fifth aspect of the present invention concerns to the positive active material for lithium battery according to the sec- 
ond aspect of the present invention, which contains cobalt from 2 to 60 mol% {(Co/(Ni + Co)}. 

Sixth aspect of the present invention concerns to a positive active material for lithium battery, which comprises a 
lithium-containing amorphous nickel oxide represented by a chemical composition formula of LixNi^COyMzOg; 
5 wherein x is from greater than 0.25 to 2. y is from 0.02 to 0.6, z is from 0 to less than 1 , y+z is less than 1 and M is at 
least one selected from the group consisting of Co, Mn, Al, P, B and S. 

Seventh aspect of the present invention concerns to a positive active material for lithium battery, which comprises 
a lithium-containing amorphous nickel oxide synthesized to have a chemical composition formula of LixNi^y^COyM^; 
wherein x is from greater than 1 .4 to 2, y is from 0.02 to 0.6, z is from 0 to less than 1 , y+z is less than 1 and M is at 
10 least one selected from the group consisting of Co, Mn, Al, P, B and S. 

Eighth aspect of the present invention concerns to the positive active material for lithium battery according to the 
sixth aspect of the present invention, wherein x is greater than 1 .4 to 2. 

Ninth aspect of the present invention concerns a positive active material for lithium battery according to any one of 
the preceding aspects of the present invention, comprising phosphorus, boron or silicon incorporated therein. 
75 Tenth aspect of the present invention concerns a lithium battery, comprising a positive active material for lithium 
battery according to any one of the preceding aspects of the present invention. 

Eleventh aspect of the present invention concerns a method for producing a positive active material for lithium bat- 
tery according to the ninth aspect of the present invention, which comprises mixing at least one salt selected from the 
group consisting of phosphate, borate and silicate, a lithium salt and nickel hydroxide or nickel oxyhydroxide, and then 
20 subjecting the mixture to heat treatment. 

p p |F F DESCB1EIIQN OF THE DRAWINGS 



In the accompanying drawings: 

25 

Fig. 1 is a diagram illustrating X-ray diffraction pattern; 

Fig. 2 is a diagram illustrating the relationship between discharge capacity and cobalt content; and 

Fig. 3 is a diagram illustrating the comparison in discharge characteristics between the battery A according to the 

present invention and the conventional battery F. 

30 

nFTAH.ED DESCRIPTION OF THE INVENTION 

Detailed description of the invention will be described as follows referring to the accompanying drawings. 
According to the present invention, the positive active material for lithium battery is produced by a method in which 
35 nickel hydroxide is mixed with a predetermined amount of a lithium salt and a phosphate, borate or silicate, and then 
the mixture is heat-treated or a method in which nickel oxyhydroxide is mixed with a predetermined amount of a lithium 
salt and a phosphate, borate or silicate, and the mixture is heat-treated. In this production method, the lithium salt and 
phosphate, borate or silicate may be used in the form of a solution containing lithium ion and phosphate ion, borate ion 
or silicate ion. The nickel oxyhydroxide may be in p-type structure, y-type structure or mixture thereof. The nickel hydrox- 
40 ide may be in p-type structure or a-type structure. 

In order to produce LixNi^COyOg containing cobalt therein, nickel hydroxide containing cobalt is preferably used in 
the foregoing production method. 

In accordance with the foregoing synthesis method, an amorphous oxide represented by the chemical composition 
formula of Li x Ni0 2 or LixNi^COyOa is to be obtained. The synthesis is preferably carried out so that x is from greater 
45 than 1 to 2, preferably from greater than 1.4 to 2, and y is from 0.02 to 0.6. In addition, Li x i V yCOy0 2 has an effect to 
further improve the charge-discharge endurance performance as a positive active material. In this case, it is preferably 
to be synthesized so that y representing the ratio of the elements in the chemical composition formula is from 0.02 to 
0.6. Thus, the incorporation of cobalt makes it possible to further enhance the charge-discharge endurance of the pos- 
itive active material. 

so In accordance with the foregoing production method with a phosphate, borate or silicate, the foregoing amorphous 
oxide containing phosphorus, boron or silicon depending on the salt used is to be obtained. In the foregoing production 
method, the phosphate, borate or silicate is added to help render the product amorphous. Apart from the resulting 
effect amorphous Li x Ni0 2 or LixNi^yCOyOa comprising phosphorus, boron or silicon incorporated therein is a positive 
active material excellent in properties. The positive active material of the present invention may contains other elements 

55 such as manganese or aluminum therein as necessary. 

Further, the lithium-containing amorphous nickel oxide may include at least one another element, e.g., Co, Mn, Al, 
if necessary. Preferably, thus included element is incorporated in the oxide as an element which constituting the oxide 
so that the lithium-containing amorphous nickel oxide is represented by the chemical composition formula of L^Ni^y. 
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2 M y 0 2 wherein x is from greater than 0.25 to 2, M is at least one of Co. Mn, Al. P. B and S. and y is from 0 to less than 
1 . In this case, except the ease where M is selected from Co, y is preferably from 0 to less than 0.5. On the other hand 
in the case where M is selected from Co, the lithium-containing amorphous nickel cobalt oxide is preferably represented 
by the chemical composition formula of U x H^_ z QoJA z 0 2 wherein x is from greater than 1 .4 to 2, y is from 0 02 to 0 6 
M is at least one of Mn, Al, P, B and S, z is from 0 to less than 1, and y+z is less than 1 . In this case, z is preferably from 
0 to 0.5. 

In order to produce a positive electrode for secondary lithium battery from the foregoing active material, an example 
of production method may be applying a paste containing a powdered lithium-containing amorphous nickel oxide an 
electrically conducting agent such as graphite and carbon black and a binder such as polyethylene and polyvinylidene 
fluoride to a metallic collector made of nickel, aluminum or the like, and than drying the coated material The positive 
material may includes other active materials incorporated therein besides the active material of the present invention to 
adjust its positive electrode properties such as existing lithium nickelate or lithium cobaltate. 

In order to produce a battery, e.g., nonaqueous electrolyte secondary lithium battery, the foregoing positive elec- 
trode, an electrolyte obtained by dissolving a lithium salt such as lithium perchlorate and lithium phosphate hexaf luoride 
in a nonaqueous solvent made of a mixture of ethylene carbonate and diethyl carbonate, and a negative electrode con- 
taining lithium metal, lithium alloy or carbon-based material as a negative active material and a material capable of inter- 
calating/disintercalating lithium ion such as graphite or metal oxides are assembled in combination. 

For example, a secondary lithium battery containing amorphous Li x Ni0 2 or U x Ni y Co 1 . y 0 2 of the present invention 
as a positive active material produced according to the foregoing production method exhibits uniform charge^Jischarge 
properties and a capacity as high as greater than the substantially theoretical value which is considered possible with 
U x Ni0 2 , i.e., 200 mAh/g. 

The foregoing results can be considered attributed to the following possible reaction of the active material of the 
present invention. 

The reaction of the conventional crystalline lithium nickelate involves a one-electron reaction represented by the fol- 
lowing formulae (1) and (2). The gravimetric theoretical capacity based on the reaction is 275 mAh/g This is an elec- 
trochemical reaction in which the valency of nickel changes between trivalence and tetravalene. In this case the 
chemical composition formula Li x Ni0 2 of the positive active material in the battery is controlled so that x is from 0 to 1. 

Charging: LiNi0 2 Li + + Ni0 2 + e - (T) 

Discharging: LiNi0 2 <- Li + + Ni0 2 + e" (2) 

On the other hand, the amorphous Li x Ni0 2 of the present invention undergoes a 1.75-electron reaction repre- 
sented by the following formulae (3) and (4). The chemical composition formula Li x Ni0 2 of the positive active material 
in the battery is controlled so that x changes reversibly within a range of from greater than 0.25 to 2. In this case the 
gravimetric theoretical capacity is 448 mAh/g. The potential changes a continuously. 

Charging: Li 2 Ni0 2 -> 1 .75U + + Li 0 25 Ni0 2 + 1 .75e* (3 ) 

Discharging: Li 2 Ni0 2 <- 1 .75Li + + Li 0 25 Ni0 2 + 1 .75e" (4 ) 

Charging can be effected until x reaches 0.25 or less. However, in order to improve the repeatability of the battery 
it is preferred that charging be effected no longer. Therefore, the chemical composition formula Li x Ni0 2 of the positive 
active material is preferably controlled so that x is from greater than 0.25 to 2. Further, in order to make the effective 
use of the advantages of the present invention, the chemical composition formula U x Ni0 2 of the positive active material 
during discharging is preferably controlled so that x is from greater than 1 .4 to 2. Similarly, the chemical composition 
formula Li x Ni 1 . y Co y 0 2 is preferably controlled so that x is from greater than 0.25 to 2. The chemical composition formula 
U x Ni 1 . y Co y 0 2 of the positive active material at discharge state is preferably controlled so that x is from greater than 1 4 
to 2 and y is from 0.02 to 0.6. 



EXAMPLES 

The present invention will be further described in the following examples. 
55 Example 1 



3 mo! of a powdered nickel hydroxide {Ni 0 98 Co 0 .o2(OH) 2 } containing cobalt having a size from 5 to 50 pm in an 
amount of 2 mol% {(Co/(Ni + Co)}, 6 mol of lithium hydroxide and 0. 1 mol of phosphoric add (H 3 P0 4 ) were heat-treated 
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at 700°C in an oxygen atmosphere for 7 hours to obtain a lithium-containing amorphous nickel oxide A as a positive 
active material according to the present invention. The product was found to be mainly composed of .aNio.98Coo.02O2 
as analyzed chemically. 



5 Example 2 

2 mol of a powdered nickel p-oxy hydroxide (p-Ni 0 .95Co 0 .05OOH) containing cobalt having a size from 5 to 50 urn in 
an amount of 5 mol% {(Co/(Ni + Co)}, 3 mol of lithium hydroxide and 0.2 mol of lithium hypophosphite (LiH 2 P0 2 ) were 
mixed. The mixture was then heat-treated at 450°C in an atmosphere of argon containing 20% of oxygen for 10 hours 
w to obtain a lithium-containing amorphous nickel oxide B as a positive active material according to the present invention. 
The product was found to be mainly composed of U1.4Nio.95Coo.05O2 as analyzed chemically. 



Example 3 

Boric acid (H 3 B0 3 ) in an amount of 30 g/l was added to an aqueous solution of a mixture of cobalt nitrate having a 
cobalt content of 1 0 mol% {(Co/(Ni + Co)} and nickel nitrate (pH = 1 .0. specific gravity: 1 .65 (20°C)). Then, a 4.5M aque- 
ous solution of sodium hydroxide was added to the mixture. The resulting precipitate was washed with hot water, dried 
at 1 20°C, and then ground by a ball mill to synthesize a boron-containing amorphous nickel hydroxide powder having a 
size of from 50 to 100 ^im. 3 mol of this powder and 6 mol of lithium nitrate (UNO3) were mixed, ground, and then heat- 
treated at a temperature of 400°C in an atmosphere of argon containing 20% of oxygen for 10 hours to obtain a lithium- 
containing amorphous nickel oxide C according to the present invention. The product was found to be mainly composed 
of Lh . 8 Nio.9Co 0 .i 0 O 2 as analyzed chemically. 

Example 4 

4.5M aqueous solution of sodium hydroxide containing silicic acid (H 4 Si0 4 ) in an amount of 35 g/l was added to an 
aqueous solution of a mixture of cobalt nitrate having a cobalt content of 5 mol% {(Co/(Ni + Co)} and nickel nitrate (pH 
= 1.0. specific gravity: 1.65 (20°C)). The resulting precipitate was washed with hot water, dried at a temperature of 
120°C, and than ground by a ball mill to synthesize a nickel hydroxide powder having a size of from 50 to 100 ^m. 3 mol 
of this powder and 7 mol of lithium hydroxide (UOH) were mixed, ground, and then heat-treated at 700°C in an atmos- 
phere of argon containing 20% of oxygen for 10 hours to obtain a lithium-containing amorphous nickel oxide D accord- 
ing to the present invention. The product was found to be mainly composed of U2.2Nio.95Coo.05O2 as analyzed 
chemically. As analyzed chemically, the resulting lithium-containing amorphous nickel oxide had a composition formula 
of Li x Ni0 2 wherein x exceeds 2, i.e., 2.2. This is presumed attributed to the presence of a lithium salt as an impurity. 

Example 5 

Phosphoric acid (H 3 P0 4 ) in an amount of 35 g/l is added to an aqueous solution of a mixture of cobalt nitrate having 
a cobalt content of 8 mol% {(Co/(Ni + Co)} and nickel nitrate (pH = 1 .0, specific gravity; 1 .65 (20°C)). Then a 4.5M aque- 
ous solution of sodium hydroxide was added to the mixture. The resulting precipitate was washed with hot water, dried 
at a temperature of 120°C, and then ground by a ball mill to synthesize a nickel hydroxide powder having a size of from 
50 to 100 ^m. 3 mol of this powder and 6 mol of potassium peroxodisulfate were mixed in a 2M aqueous solution of 
sodium hydroxide, washed with hot water, and then dried 110°C to synthesize p-Nio^Coo.osOOH. 3 mol of this p- 
Ni 0 92C00 obOOH powder and 6 mol of UOH were mixed, and then heat-treated at 350°C to obtain a lithium-containing 
amorphous nickel oxide E according to the present invention. The product was found to be mainly composed of 
L-h gNi 0 92C00 08°2 as analyzed chemically. 

These lithium nickelate products were each then subjected to X-ray diffractometry. As a result, all the products were 
found to show no sharp diffraction peaks as shown in X-ray diffraction pattern of the conventional lithium nickelate 
(UNi0 2 ) and diffused peaks. This is attributed to the amorphous structure of the products. As a result of emission spec- 
troscopic analysis, the lithium-containing amorphous nickel oxides A, B, and E were found to contain phosphorus, and 
the lithium-containing amorphous nickel oxides C and D were found to contain boron and silicon, respectively. Thus, 
these additives are considered to be effective for the formation of an amorphous structure. 

The X-ray diffraction pattern of the conventional lithium nickelate (UNi0 2 ) and the lithium-containing amorphous 
nickel oxide A of Example 1 are shown in Fig. 1 . Unlike the conventional active material F, the active material A accord- 
55 ing to the present invention shows little or no peaks. The lithium-containing amorphous nickel oxides B, C, D and E 
showed almost the same X-ray diffraction pattern as the product A. 

Subsequently, a mixture of 100 parts of each of these products and 8 parts of acetylene black was kneaded in 60 
ml of a 1% polyvinylidene fluoride solution of n-methyl-2-pyrrolidole to produce a paste. This paste was filled in a 
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foamed aluminum having a porosity of 90%, and then dried at 1 20°C to produce a positive plate having a size of 30 mm 
x 40 mm x 0.8 mm and a nominal capacity of 300 mAh. A sheet of the foregoing positive electrode plate two sheets of 
metallic lithium electrodes having the same size as the positive electrode, and 300 ml of a mixture of ethylene carbonate 
and diethyl carbonate containing 1 M of lithium perchlorate as an electrolyte were then assembled into test batteries (A 
B. C. D and E; these symbols correspond to that of the positive active materials). For comparison, a battery F consisting 
of the conventional lithium nickelate (LiNiOg) as an active material was also produced. 

The positive electrode was charged at 15 mA to 4.2 V (with respect to the metallic lithium). The capacity per weight 
of active material determined during discharging at 30 mA to 2.0 V is set forth in Table 1 . 

TABLE 1 



Battery 


Discharge capacity 
(mAh/g) 


A 


320 


B 


316 


C 


300 


D 


300 


E 


265 


F 


150 
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As can be seen in Table 1 . the batteries having the positive active material according to the present invention exhibit 
a capacity of from 260 to 320 mAh/g, a drastic increase from that of the battery having the conventional positive elec- 
trode, i.e., 150 mAh/g. 

Further, active materials were then produced in the same manner as in Example 1 except that the cobalt content 
was changed. These active materials were produced in the same manner as the test battery A to produce batteries 
which were then subjected to charge-discharge test in the same manner as in Table 1. The relationship between the 
discharge capacity and the cobalt content is shown in Fig. 1 . As can be seen in Fig. 2, when the cobalt content is from 
2 to 60 moU {(Co/(Ni + Co)}, the discharge capacity is greater than that of battery having no cobalt content Thus this 
range of cobalt content is preferable. 

Further, the batteries A, B. C. D and E according to the present invention exhibit a continuous discharge character- 
istic curve as compared with the conventional battery F. demonstrating that the diffusion of lithium ion homogeneously 
occurred. As a representative example, the discharge characteristics of the battery A of the present invention showing 
the highest discharge capacity and the conventional battery F are shown in Fig. 3. The battery A having the positive 
active material according to the present invention exhibits a higher discharge capacity than the battery having the con- 
ventional active material and shows a continuous discharge characteristic curve. When the conventional battery dis- 
charges, the discharge capacity shows a sudden drop as its terminal voltage falls below 3.5 V. On the contrary, the 
batteries according to the present invention can discharge while the discharge capacity falling gradually even when its 
terminal voltage falls below 3.5 V. 

In general, the lithium-containing amorphous nickel oxide according to the present invention can discharge even 
when the terminal voltage falls below 3.5 V. It was found that this characteristic appears when the positive active mate- 
rial is amorphous. This characteristic appears particularly when the cobalt content falls within the range of from 2 to 60 
mol% {(Co/(Ni + Co)}. It was thus also found that the incorporation of cobalt provides enhancement of charge-discharge 
cycle endurance as compared with the absence of cobalt. 

More importantly, the positive active material of the present invention can provide a capacity exceeding the theo- 
retical value which has heretofore been considered possible, i.e., 275 mAh/g. In general, a lithium nickelate positive 
active material undergoes an electrode reaction represented by the formulae (1) and (2) as previously mentioned How- 
ever, when the oxidation state of nickel in the lithium nickelate exceeds a valency of 3.75, the crystal structure of the 
positive active material becomes unstable. Therefore, the highest charge voltage of the positive active material is 
defined to the vicinity of 4.2 V. In this case, the theoretical capacity which can be put into practical use is 206 mAh/g as 
determined by a 0.75-electron reaction consisting of a charging reaction represented by the following formula (3) and a 
discharge reaction represented by the following formula (4) 



LiNiO;, -> 0.75Li + + U 0 .2sNiO 2 + 0.75e' 



(3) 



BNSDOCID: <EP 084981 7A2J_> 



6 



10 



15 



20 



EP 0 849 817 A2 

LiNi0 2 <- 0.75Li + + Li 0 . 25 NiO 2 + 0.75e" W 

However the batteries having the positive active material according to the present invention can provide a dis- 
charge capacity exceeding the theoretical value even if the charging conditions are predetermined so that the oxidation 
state of nickel is a valency of 3.75. In addition to this fact, the foregoing fact that discharging can be effected even if the 
discharge voltage is not higher than 3.5 V demonstrates that discharge can be effected even in a region where the dis- 
charge depth is lower than the nickel valency of 3. 

As previously mentioned, lithium nickelate can discharge even if lithium has a valency of 3 or less. It has been 
reported that this discharging causes a change in the crystal structure that makes the discharge potential discontinu- 
ous On the contrary, the positive active material shows a continuous change of discharge potential. It is thus presumed 
that lithium ion can easily diffuse from the surface into the interior of the crystal structure in the amorphous positive 
active material according to the present invention, it is further presumed that the positive active material according to 
the present invention can discharge until the valency of nickel falls below 3 while maintaining its crystal structure. 

In this case the theoretical capacity is 448 mAh/g as determined by a 1.75-electron reaction represented by the 
following formula (5) which begins with Li 2 Ni0 2 as discharged state and ends with Li 0 . 25 NiO 2 as charged state. Sup- 
posing that the charged state is NiO z , the theoretical capacity is also expected to be as high as 512 mAh/g. The formula 
(5) indicates a charging reaction while the formula (6) indicates a discharging reaction. 

Li 2 Ni0 2 -> 1 -75Li + + Li 0 . 25 NiO 2 + 1 75e" (5) 

Li 2 Ni0 2 <- 1 .75Li + + Li 0 . 25 NiO 2 + 1 .756" (6) 

Therefore the composition formula of the active material according to the present invention can be defined as 
Li x Ni0 2 wherein x is from greater than 1 to 2. It goes without saying that when lithium is incorporated in the active mate- 
25 rial as an impurity, x exceeds 2, e.g., 2.2, as shown in Example 4. 

The foregoing examples have been described with reference to lithium battery having metallic lithium as a negative 
electrode. However, it goes without saying that similar effects can be exerted when a carbon-based material is used as 

8 "^^posiS! active material for a lithium battery of the lithium-containing amorphous nickel oxide or the lithium-con- 
so taining amorphous nickel cobalt oxide according to the present invention or the positive active material for lithium bat- 
tery can provide a battery having a raised discharge capacity. Further, the resulting battery shows a continuous 
discharge voltage change and exhibits a high energy density. In accordance with the production method of the present 
invention, the lithium-containing amorphous nickel oxide of the present invention can be easily produced. 

35 Claims 

1 . A positive active material for lithium battery, comprising a lithium-containing amorphous nickel oxide represented 
by a chemical composition formula of Li x Ni 1 . y M y 0 2 ; 

wherein x is from greater than 0.25 to 2. y is from 0 to less than 1 . and M is at least one selected from the 
40 group consisting of Co, Mn, Al, P, B and S. 

2. A positive active material for lithium battery according to claim 1 , wherein x is from greater than 1 to 2. 

3. A positive active material for lithium battery, comprising a lithium-containing amorphous nickel oxide synthesized to 
45 have a chemical composition formula of LixNi^yMyO^ 

wherein x is from greater than 1 .4 to 2, y is from 0 to less than 1 , and M is at least one selected from the 
group consisting of Co. Mn. Al, P, B and S. 

4. A positive active material for lithium battery according to claim 1 , wherein said positive active material satisfies said 
so chemical composition formula at discharge state. 

5. A positive active material for lithium battery according to claim 2. containing cobalt from 2 to 60 mol% {(Co/{Ni + 
Co)}. 

55 6. A positive active material for lithium battery, comprising a lithium-containing amorphous nickel oxide represented 
by a chemical composition formula of Li x Ni 1 . y . z Co y M 2 0 2 ; 

wherein x is from greater than 0.25 to 2. y is from 0.02 to 0.6. z is from 0 to less than 1 , y+z is less than 1 
and M is at least one selected from the group consisting of Co, Mn, Al, P, B and S. 
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7. A positive active material for lithium battery, comprising a lithium-containing amorphous nickel oxide synthesized to 
have a chemical composition formula of ^M^COyM^; 

wherein x is from greater than 1 .4 to 2 t y is from 0.02 to 0.6, z is from 0 to less than 1 , y+z is less than 1 and 
M is at least one selected from the group consisting of Co, Mn, Al. P, B and S. 

8. A positive active material for lithium battery according to claim 6. wherein x is greater than 1 .4 to 2. 

9. A positive active material for lithium battery according to any one of claims 1 to 8, which contains at least one 
selected from the group consisting of phosphorus, boron and silicon. 

10. A lithium battery, comprising a positive active material according to any one of claims 1 to 9. 

11. A method for producing a positive active material for lithium battery according to claim 9, comprising the steps of: 

15 mixing at least one salt selected from the group consisting of phosphate, borate and silicate, a lithium salt and 

nickel hydroxide or nickel oxyhydroxide; and 
subjecting the mixture to heat treatment. 
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FIG. 2 
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